A field experiment in the cultivation of spring barley was carried out in the period 2007-2009 at the Experimental Farm in Czesławice (central Lublin region) on grey-brown podzolic soil derived from loess (soil quality class II). The study involved 3 rates of herbicides, growth retardant and fungicides (100%, 75%, 50%) as well as different adjuvant types (oil, surface-active, mineral adjuvant). Plots without any adjuvant were the control treatment. Conventional tillage was used, while mineral fertilization was adjusted to high initial soil nutrient availability.
INTRODUCTION
A trend towards a reduction in the use of crop protection agents by 25% up to 50% has been observed in many countries in recent years. This is associated with attempts to reduce the amount of biologically active substances introduced every year into crop fields in the form of pesticides (P r a c z y k , 2001; W o ź n ic a , 2003). Lowering doses of crop protection agents used involves the risk of decreased grain yields or deteriorated grain quality as a result of crop lodging, increased weed infestation, or increased plant diseases caused by fungal pathogens (P a w ł o w s k a et al. 1999; W e s o ł o w s k i et al. 2005) . In order to prevent these consequences, it is advisable to improve the effectiveness of the performance of reduced rates of pesticides by combining them with adjuvants. These are biologically inactive substances used as aiding agents. They lower the surface tension of the spray solution, improve the uniform coverage of the leaf surface, facilitate better uptake of pesticides by the plant and their penetration into it, increase adhesion of the spray solution to the plant surface, and prevent crop protection sprays from being washed away by rain. Some adjuvants increase the weight of spray drops and thus reduce their movement by the wind or air currents (N a l e w a j a et al. 1996; G a s k i n et al. 2000; W o ź n i c a et al. 2003, 2004) . The addition of adjuvants to the spray liquid improves the effectiveness of the treatment eliminating agricultural pests and can compensate the reduced dose of an active substance (K o z i a r a , 2004; K i e r z e k and R a t a j k i e w i c z , 2004).
Most adjuvants are products intended for use mainly with herbicides, and only few of them can be applied with other plant protection agents (H o ll o w a y et al. 2000) . The application of lower doses of chemicals serves to maintain the intensity of infestation by an agricultural pest at a level at which its harmfulness does not exceed the threshold of economic harmfulness, that is, it does not pose a threat to crops and does not cause losses of economic importance (P r a c z y k , 2001; W o ź n i c a , 2003).
In the present study, a hypothesis was made that the reduction of pesticide rates by 25-50%, with the simultaneous addition of adjuvants, would allow health, weed infestation and lodging of spring barley to be maintained at a level similar to that obtained under the conditions when maximum rates are applied without any adjuvant.
The aim of the present study was to determine the effect of reduced rates of herbicides, fungicides and growth retardant as well as three adjuvant types on selected indicators for spring barley health, weed infestation, and lodging.
MATERIALS AND METHODS
The field experiment in the cultivation of spring barley (Hordeum sativum L.), cv. 'Justina', was carried out in the period 2007-2009 at the Czesławice Experimental Farm belonging to the University of Life Sciences in Lublin. It was set up as a split-block design with 3 replications, in 27 m 2 plots. The experiment was established on grey-brown podzolic soil derived from loess, classified as good wheat complex. Sugar beet was the forecrop for spring barley. Mineral fertilization, adjusted to high soil nutrient availability, was applied at the following rates, calculated on a per hectare basis: N -60 kg; P 2 O 5 -50 kg; K 2 O -80 kg. The study investigated the following types of adjuvants: A -control treatment (without any adjuvant); B -surface-active adjuvant Break Thru S 240 (1.5 l×ha ), as well as 3 rates of herbicides, growth retardant, and fungicides (100%, 75%, and 50%). The following pesticides were applied: herbicides Chwastox Turbo 340 SL (active substance MCPA + dicamba) + Puma Uniwersal 069 EW (fenoxaprop-P-ethyl + mefenpyr--diethyl) -2.0 + 1.0 l×ha -1 (100% rate), 1. Subsequently, the disease index was calculated for stem-base diseases in accordance with Mc Kinney-'s formula given by Ł a c i c o w a (1969) .
Assessment of weed infestation of the spring barley crop was made at the dough stage (BBCH 83-85) using the botanical gravimetric method in test plots of 1 × 0.5 m, with two replications in each plot. Lodging of spring barley was estimated several days before harvest, using a 9-point scale.
The obtained results were statistically analysed using the analysis of variance and determining the significance of differences by Tukey's test (p = 0.05).
RESULTS AND DICUSSION
Infection of the spring barley plants by the stem-base disease complex at the tillering stage was low and ranged 2-5% (Table 1) . It should be clearly indicated that at this growth stage the individual treatments differed only in the application of herbicide doses with adjuvants.
At the milk stage of spring barley, the application of the recommended (100%) rates of crop protection agents resulted in the stem-base disease index at a level of 12.3%, irrespective of the adjuvant ( Table 2 ). The reduction of pesticide rates by 1/4 and 1/2 caused an increase in the spring barley stem-base disease index by, respectively, 4.8 and 13.2 percentage points. At the same time, the statistical analysis showed significant differences in stem-base infection of spring barley both between the treatments with 100% and 75% pesticide rates and between the treatments with 75% and 50% pesticide rates, irrespective of the adjuvant.
The addition of adjuvants to the spray solution, irrespective of the pesticide rate, contributed to a significant decrease in the stem-base disease index (on average by 8.3 percentage points) relative to the control plots. The statistically proven highest stem-base infection of the barley plants by the fungal disease complex was found in the case when the pesticide rates had been reduced by 1/2 and no adjuvant had been added to the spray solution.
The average number of weeds in the plots where the pesticide doses had been reduced by half was more than 5 times higher than in the case of application of 100% rates and nearly 4 times higher compared to that recorded in the case of the rate reduced by 25% (Table 3). The addition of adjuvants to the spray solution, irrespective of the pesticide rate, allowed a significant reduction in the number of weeds in the crop, respectively by 39% (Atpolan 80 EC), 34% (Break Thru S 240), and 29% (ammonium sulphate). Among the adjuvants under comparison, Atpolan 80 EC contributed to a significant decrease in the number of weeds in the crop (on average by 14%), compared to the mineral adjuvant. The significantly highest number of weeds in the spring barley crop was found when no adjuvant had been applied and the rates of crop protection agents had been reduced by 50%.
The highest air-dry weight of weeds in the spring barley crop was determined in the plots where the pesticide rates reduced by 50% had been applied, irrespective of the adjuvant (Table 4) . It was nearly 13 times higher relative to the treatments with the 75% rate and more than 22 times higher compared to the 100% rate. The reduction of rates of crop protection agents by 50%, with no adjuvant, resulted in a significant increase in air-dry weight of weeds (75.4 g×m -2 ). The addition of adjuvants to the 50% pesticide rate caused a decrease in weed weight to 25-31 g×m -2 . If the other pesticide rates were aided by adjuvants, the level of weed infestation of the cereal crop remained at a minimal level, in the range of 1.2-3.1 g×m -2 . Regardless of the spray liquid rate, the application of all three adjuvants resulted in a significant, more than twofold (Break Thru S 240, ammonium sulphate), and even threefold (Atpolan 80 EC), reduction of in-crop weed biomass compared to the control treatment.
A significant positive correlation was proved between air-dry weight of weeds and the incidence of fungal diseases damaging the stem base of spring barley at the milk stage in the treatment with the pesticide rates reduced by 1/2, irrespective of the addition of adjuvant. A significant positive correlation was also found between these traits in the case when the pesticide rates had been reduced by 25% and no adjuvant had been applied (Table 5) .
The following weed species were predominant in the spring barley crops: Viola arvensis, Stellaria media, Chenopodium album, and Capsella bursa-pastoris, but greater species diversity and, at the same time, a lower total number of weeds were observed in the plots with the maximum pesticide rate. The reduction of rates of crop protection agents to 75% and 50% contributed to significantly lower species diversity relative to the 100% rate. Moreover, lowering the pesticide doses by half promoted the compensation of the dominant species in the crop, in particular the following: Viola arvensis, Stellaria media, Capsella bursa-pastoris, Galium aparine, Galeopsis tetrahit (Table 6 ). The analysis of the obtained results shows that extreme reduction (by 50%) of pesticide rates applied in spring barley crops promotes an increase in the number and weight of weeds in the crop, compensation of some weed species, and increased incidence of fungal diseases. In the opinion of some authors In the case of very sensitive weeds or those that are at very early growth stages, the addition of an adjuvant does not usually produce noticeable effects (A d a m c z e w s k i and P r a c z y k , 1995). According to some authors, in dense crops (e.g. in cereals) the destruction of all weeds is not always necessary. It is often sufficient to reduce their occurrence by 80-90%. The remaining weed individuals will be suppres- (2002), weeds that are not destroyed completely can contribute to a significant decrease in yield, increased weed infestation of subsequent crops, and the development of fungal diseases. As a matter of fact, this latter aspect is confirmed by the results of the present study, since a significant positive correlation was proved between air-dry weight of weeds in the spring barley crop and the development of stem-base diseases.
In the experiment under discussion, the pesticide rates reduced by 25%, but aided by the action of an adjuvant, proved to be sufficient to effectively reduce the incidence of weeds in the spring barley crop and to prevent the development of fungal diseases attacking the stem base of this cereal plant. 75% of the rate of the growth retardant also allowed lodging of spring barley to be effectively prevented. In their experiment on potato, W a c h o w i a k and K i e r z e k (2003) found fungicides to have the highest efficacy when they were applied at the full recommended rate. However, a similar fungi-killing effect was observed when a half dose of fungicides was applied with the addition of an adjuvant. P i e k a r c z y k (2005) reports that, in a field with a low level of weed infestation, rates of the herbicides Aminopielik Super 464 SL and Chisel 75 WG reduced by 25%, and even 50%, with the addition of adjuvants, were sufficient to control weed infestation of spring barley and its yield at a level similar to treatments in which rates recommended by the manufacturers of these herbicides were applied. In the opinion of K a p e l u s z n y (2002, 2003) as well as H a l i n i a r z and K a p e l u s z n y (2010), half of the recommended rate of the herbicide Chwastox Trio 540 SL can efficiently protect spring cereals against annual weeds, provided that these weeds are at early growth stages and herbicide treatment is carried out at evening hours.
It was proved in the present study that the reduction by 50% of rates of the herbicides Chwastox Turbo 340 SL and Puma Uniwersal 069 EW resulted in a significant increase in the quantitative indicators of weed infestation and led to compensation of most of the dominant weed species, in particular Viola arvensis, Stellaria media, Capsella bursa-pastoris, and Galium aparine. D o m a r a d z k i et al. (2003) are of different opinion demonstrating that Stellaria media is very sensitive to the herbicides Starane 250 EC, Chwastox Trio 540 SL, and Granstar 75 DF, irrespective of the growth stage and herbicide rate. Galium aparine was also effectively destroyed at all growth stages by the full dose of the herbicide Starane 250 EC as well as by rates reduced by 25% and 50%.
The average value of the index of spring barley lodging, for the whole study period, depended significantly on the rate of crop protection agents and adjuvant type (Table 7) . The application of the recommended 100% rates of pesticides (including the growth retardant) effectively protected barley against lodging, irrespective of the adjuvant type. In such case, the degree of crop lodging (in a 1-9 scale) averaged 8.4, whereas in the treatments with pesticide rates of 75% and 50% it was significantly higher, respectively by 1.0 and 1.7 points. It should be noted that the addition of adjuvants to the spray solution applied at a rate reduced by 25% guaranteed the maintenance of the degree of lodging in the spring barley crop at a level similar (or even higher -Atpolan 80 EC) to that obtained as a result of the application of 100% rates without any adjuvant. Irrespective of the pesticide rate, the oil adjuvant Atpolan 80 EC had the most beneficial effect on the reduction of spring barley lodging. Under the conditions of application of this agent, the degree of crop lodging in the spring barley crop was significantly lower both compared to the control treatment (by 1.6 points) and in relation to the treatment in which ammonium sulphate was used (by 1.0 pts). The surface-active adjuvant Break Thru S 240 also contributed to significantly lower lodging of spring barley (on average by 0.9 pts) compared to the control plots (without any adjuvant).
The degree of spring barley lodging found in the experiment in question was similar to the average level (6.7-7. (2000) report that the efficacy of foliar-applied pesticides is determined by an exceptionally rich set of factors. They are associated not only with different properties of chemicals and pathogens controlled, but also with variable weather conditions and technical parameters of spray treatment. An adverse pattern of one or more of these factors generally reduces spray liquid retention or absorption of the active substance of a pesticide into plant cells. In effect, the efficacy of pesticides is frequently reduced and is not very stable, in particular when they are applied within any limits of rates (K i e r z e k and R a t a j k i e w i c z , 2004).
CONCLUSIONS
1. Lowering rates of crop protection plants by 25%, thanks to the application of adjuvants, did not have a significant effect on the increase in the disease index for spring barley stem-base infection by the fungal disease complex and did not also cause any visible changes in weed infestation and crop lodging. 2. The reduction of pesticide rates by 50% resulted in a clear deterioration in health of spring barley at the milk stage, contributed to an increase in the number of weeds in the crop and their dry weight as well as to compensation of the dominant weed species and to crop lodging. The addition of adjuvants did not help mitigate these tendencies. 3. The type of adjuvant played an important role in affecting some of the traits in question. Atpolan 80 EC proved to be the most beneficial adjuvant; its application resulted in the highest reduction of the number of weeds in the spring barley crop and the lowest crop lodging.
